Abstract-This paper proposes an optimized model and control strategy for variable speed wind turbine using permanent magnet synchronous generator (PMSG). Models and equations that describe different components of the wind energy conversion system (WECS) are addressed and their implementations into PSCAD/EMTDC are described. There are different types of synchronous generators, but the PMSG is chosen. It offers better performance due to higher efficiency and less maintenance since it does not need external DC source and can be used without a gearbox, which also implies a reduction of the weight of the nacelle and a reduction of costs. For the better performance, in this model two level IGBT converter and three level IGBT inverter set has been used associated with the maximum power point tracking (MPPT) system. Simulation results show that the controllers can extract maximum power and regulate the voltage and frequency under varying wind and load conditions. The controller shows very good dynamic, steady state and transient performance.
I. INTRODUCTION
Wind is a promising source of renewable energy. Over recent years, a new scheme for wind generators has become popular which includes a variable speed wind turbine with permanent magnet synchronous generator (VSWT-PMSG). Direct-drive PMSG raises great interest because of its high efficiency and elimination of the gearbox [1] .
Usually, a PMSG-based wind energy conversion system (WECS) is composed of mechanical, electrical and control subsystems whose time constants vary from microseconds to minutes or even more [2] .This paper deals with the detailed study of dynamic stability as well as transient stability of WECS based on PMSG. Due to the recent development in power electronics and control system have made it possible to regulate the grid side voltage, real power and reactive power of PMSG in many different ways.
PMSG is directly driven by a wind turbine without gearbox and it is connected to the AC power grid through power converters. In the recent years, some works have been done on PMSG based wind farm. Previous publications related to PMSG based variable speed wind turbine are mostly concentrated on the DC to AC inversion process using 2-level IGBT inverter [3, 4, 5] . Much attention has not been paid for a DC to AC inversion system using multilevel IGBT inverter [4, 5, 6 ]. In this model two level AC to DC converter, a DC link capacitor and three level DC to AC inverter are used. It is seen that proposed model perform better than conventional one, and can be used both in dynamic and transient condition.
II. MODELING OF THE WIND TURBINE
The main parts of the gearless WECS are the wind-turbine, the permanent magnet synchronous generator, the back to back converters with their control, and the pitch controller [7] . A 3MW direct drive wind turbine (WT) unit is considered for this analysis.
A. Wind Turbine
According to the blade element theory [8] , modeling of blade and shaft needs complicated and lengthy computations. Moreover, it also needs detailed and accurate behavior of the system, a simplified method of modeling of the wind turbine blade and shaft is normally used [9] . The mathematical relation for mechanical power extraction from the wind can be expressed as follows [8] . 
B. PMSG Model
The dynamic model of the PMSG is derived from the twophase synchronous reference frame, which the q-axis is 90 degree ahead of the d-axis with respect to the direction of rotation. The synchronization between the d-q rotating reference frame and the abc-three phase frame is maintained by utilizing a phase locked loop [4] .
III. CONTROL STRATEGY OF PMSG
The control strategy of VSWT-PMSG is divided in two parts, the generator side control system and grid side control system. The generator is connected to the grid through a full scale back to back power converter linked by a DC bus. In this modified proposed model, the generator side converter is a standard three phase two-level unit, composed of six insulated gate bipolar junction transistors (IGBTs) and anti parallel diodes. On the other hand, the grid side inverter is a standard three-level unit, composed of twelve IGBTs and anti parallel diodes. The three phase AC output of the generator is rectified through a converter and the rectified DC output is fed to an IGBT based grid side inverter. Its output is fed to the step-up transformer and then to the grid. The whole control strategy of the VSWT-PMSG is shown in the Fig. 1 International
IV. CONTROL STRATEGY OF FREQUENCY CONVERTER-INVERTER SET

A. Generator Side Frequency Converter
The structure of the control strategy of the frequency converter is shown in the Fig. 2 . The control signal applied to the IGBT's gate switching is three phase sinusoidal voltage which is derived from the d-q axis signal. 
B. Proposed PWM Control for 3-level Frequency Inverter
This thesis work focuses on the analysis of a three-level inverter. Three-level inverters have compared to two level inverters is minimum harmonic distortion and desirable voltage and frequency have been achieved. The standard three-phase 3-level inverter has twelve switches which switching depends on the modulation scheme .The switching pulse generator of IGBT-3-level inverter is shown in Fig. 3 Fig. 4 shows the natural wind speed data used for the simulation study, for duration of 300sec. Fig. 5 illustrates the real power, P, available at the grid side. With varying wind speed, the response of the real power obtained from the modified model is far better than the conventional model and maintains a constant desired value. Fig. 6 shows the frequency response at the grid side which remains almost constant under the same wind speed data..
Case [1]: Dynamic Stability
Case [2]: Transient Stability
For transient stability analysis, wind speed is assumed constant because the time duration of fault is very small. In this study the dynamic wind speed data shown in Fig.4 is used to make the proposed modified system more practical. For determining transient stability, three line to ground fault (3LG) has been considered. Time to apply fault is at 0 sec and the duration of the fault is .05s so that it is cleared within .05s. Simulations have been done by using PSCAD/EMDC [10] program for 300 sec with the timing step of .001sec. Fig. 7 shows the rotor speed variation of PMSG during fault. Just after clearing the fault, rotor speed return back to the normal state.
In In this paper, the modeling and control strategy for grid side 3-level frequency inverter is described. This model can maintain a constant grid side voltage with minimum frequency deviation ensuring dynamic stability as well as transient stability of the wind farm. The proposed control system can smooth the wind power output and has proved its better quality. At the same time, the proposed model is capable of responding to a fault and return back to the normal state within a short time. The simulation results show in this paper proves the ability of the proposed control topology. The stability of the system is increased effectively.
